Enhanced apoptotic effects by downregulating Mcl-1: evidence for the improvement of photodynamic therapy with Celecoxib.
Tumor cells exposed to sub-lethal photodynamic therapy (PDT) cause cellular rescue responses that lead to resistance to the therapy, including expression of angiogenic factors and survival molecules. However, the mechanisms contributing to the resistance are yet to be fully understood. Here, we show for the first time that Mcl-1, an anti-apoptotic protein, plays an important role in protecting cells from PDT-induced apoptosis. In contrast to the reduction in the anti-apoptotic proteins Bcl-2 and Bcl-xl, sub-lethal PDT induces an increase in Mcl-1 expression. Silencing Mcl-1 sensitizes tumor cells to PDT-induced apoptosis, and ectopic expression of Mcl-1 significantly delays Bax translocation to mitochondria and inhibits caspase-3 activity following PDT. Mcl-1 expression is associated closely with activated AKT signaling following PDT. AKT can regulate Mcl-1 expression through GSK-3β and NF-κB at the protein and transcriptional levels, respectively. Inhibition of AKT by Wortmannin or siRNA significantly reduces the levels of Mcl-1 mRNA and protein and enhances PDT-induced apoptosis. Treatment with Celecoxib, a non-steroidal anti-inflammatory drug (NSAID), is shown to downregulate Mcl-1 expression, and enhances PDT-induced apoptosis both in vitro and in vivo. This down-regulation is closely related to the inhibition effect of Celecoxib on the AKT/GSK-3β pathway, and was blocked upon addition of GSK-3β inhibitor LiCl or the proteasome inhibitor MG132. These results suggest that Mcl-1 is a potential target for improving the antitumor efficiency of PDT. A loss in Mcl-1 by inhibiting AKT promotes PDT-induced apoptosis through the mitochondrial pathway. This also provides a novel rationale for utilizing Celecoxib to improve the efficacy of PDT.